1. Synthesis of the CdSe nanocrystals and CdSe/Cd 0.5 Zn 0.5 Se(1 ML, monolayer)/ZnSe(1 ML) /ZnS (3 MLs) core/buffer shell/shell nanocrystals Chemicals. Cadmium oxide (CdO, 99.99%), zinc oxide (99.9%) and sulfur (S, 99.98%) were purchased from Aldrich. Selenium (Se, 99.999%, 200mesh), oleic acid (OA, 90%), 1-octadecene (ODE), and octadecylamine (ODA, 98%) were obtained from Alfa Aesar. Tributylphosphine (TBP, 95%) was purchased from Aladdin. All chemicals were used directly without any further purification. Synthesis process. CdSe nanocrystals (NCs) were synthesized by a general method.
The zinc injection solution (0.1M) was prepared by mixing ZnO, OA and ODE, and a clear solution was got at 300℃, under an Ar flow. The cadmium/zinc injection solution (0.1M) was prepared by mixing CdO/ZnO (the molar ratio of Cd to Zn is 1:1), OA and ODE, and a clear solution was got at 300℃, under an Ar flow. The sulfur injection solution (0.1M) was prepared by dissolving sulfur in ODE at 100℃, under an Ar flow. The selenium injection solution (0.1M) was prepared by dissolving selenium in the mixture of TBP and ODE at room temperature (the molar ratio of Se to TBP is 1:16), under an Ar atmosphere. The cadmium injection solution (0.1M) was prepared by mixing CdO, OA and ODE, and a clear solution was got at 250℃, under an Ar flow. The amount of cadmium/zinc, zinc or sulfur precursors required for each layer was determined by the volume increment of every shell and NC's particle concentration. The definition of a monolayer is a Cd 0.5 Zn 0.5 Se or ZnSe shell of 0.33 nm along the major axis of a single dot and a monolayer for ZnS shell is 0.31 nm. 2 One-sixth of above CdSe NCs were mixed with 2 g of ODA and 4 g of ODE in a 25 ml three-neck flask. After removal of the hexane under vacuum at 60℃, the mixture was heated to 230℃ under Ar-flow where the shell growth was performed. The core/buffer shell/shell CdSe/Cd 0.5 Zn 0.5 Se(1 ML)/ZnSe (1 ML)/ZnS(3 MLs) NCs were formed by alternating addition of Cd/Zn-precursor or (Zn-precursor) and S-precursor, respectively. A period of 20 min between each addition was chosen due to the UV-vis and PL spectra showed no further changes after this time period. Core/buffer shell/shell NCs with different shell thickness were synthesized by using CdSe cores with the same size, and the injection quantity of Cd/Zn (or Zn) or S injection solutions are 0.65 ml, 0.89 ml, 1.08 ml, 1.37 ml and 1.79 ml, respectively. According to the TEM measurement, the standard deviations of NCs size is 9% for the CdSe core, and 10%, 10%, 11%, 11%, and 12% for the five core/buffer shell/shell NCs. For the synthesis of CdSe/ZnS core/shell NCs, CdSe/CdS(1 ML)/Cd 0.5 Zn 0.5 S(1 ML)/ZnS(3 MLs) core/buffer shell/shell NCs, and CdSe/Cd 0.5 Zn 0.5 Se(1 ML)/ZnSe(1 ML)/Cd 0.5 Zn 0.5 Se 0.5 S 0.5 (1 ML) /ZnS (2 MLs) core/buffer shell/shell NCs, the similar size CdSe NCs were used as cores. The core/shell NCs (or core/buffer shell/shell NCs) was formed also by alternating addition of Cd/Zn-precursor (or Zn-precursor) and S-precursor (or Se-precursor), respectively. The growth time and growth temperature were same with above synthesis process.
PL QY measurements.
The PL spectra of a given sample of the CdSe NCs (or CdSe/Cd 0.5 Zn 0.5 Se(1 ML)/ZnSe(1 ML)/ZnS (3 MLs) core/buffer shell/shell NCs) and an organic dye, whose PL spectrum overlaps significantly with that of the NCs sample, were measured under the same setting of a Edinburgh F900 fluorescence spectrophotometer. The scanning step of the spectrophotometer was set as 0.5 nm. The optical density at the excitation wavelength of the dye and the NCs sample was set to a similar value. The optical density at the first exciton absorption peak of the NCs or the main absorption peak of the dye was below 0.1 in order to avoid any significant reabsorption. The PL QY of the NCs sample was finally obtained by comparing the integrated PL intensities of the NCs and the Rhodamine 6G, which was purchased from Exciton and its PL QY is 95%. 3 The measurement error of the PL QY was reported in the related figures as the error bars. 
Fitting of PL decay profiles.

Fitting of High-resolution XPS spectra. After standard Shirley background subtraction
Gaussian-Lorentzian line shapes are used for fitting the Cd3d 5/2 core-level spectra. It is found that it is necessary to introduce two (or three) components (FWHM ~1 eV, 25% Lorentzian-Gaussian lineshapes without peak asymmetry) to best describe the experimental lineshape. Fig. S1 displays the fitting residuals next to the corresponding Cd3d 5/2 high-resolution spectrum. From the result of the fits, as displayed in Fig. S1 , the binding energies of the three components are determined to be 404.6, 405, and 405.6 eV, respectively. 
